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We, National Research Development 
Corporation, a British Corporation estab- 
lished by Statute of Kingsgate House 66 — 74 
Victoria Street, London S.W.I, do hereby de- 
clare the invention for which we pray that a 
patent may be granted to us and the method 
by which it is to be performed, to be particu- 
larly described in and -by the following state- 
ment: — 

This invention relates to improvements in 
bearings, and more particularly to a bearing 
which is arranged to support a force in a direc- 
tion substantially normal to a rigid bearing 
surface of a body to be supported. 

In most bearing systems employing fluid 
film lubrication, the fluid is contained between 
two apparently rigid surfaces. It is possible, 
however, to replace one of the two surfaces 
with a flexible foil. Thus a rigid shaft can 
be supported on a strip of flexible foil embrac- 
ing, for example, 180 degrees of the periphery 
of the shaft. An inversion of that arrangement 
is to use a rigid fixed surface and a flexible 
foil moving over that fixed surface, as for ex- 
ample when the moving flexible foil is the tape 
of a computer tape deck. 

Like all self-acting bearings, a foil bearing 
is subject to wear when starting and stopping. 
To reduce this wear and to reduce the friction 
in use, a fluid such as a gas can be fed under 
pressure to the clearance between the rigid sur- 
face and the flexible foil. For example, in the 
case of the flexible foil moving over a 
rigid fixed surface, gas can ^ be fed 
under pressure to a slit in the rigid surface 
and the resultant flow into the clearance space 
aids the build-up of a self-acting lubricating 
film between the two surfaces of the bearing. 

According to one aspect of the present in- 
vention, a bearing arranged to support a body 
against a force in a direction substantially nor- 
mal to a rigid bearing surface of the body 
comprises an inner flexible wall disposed close 
to the bearing surface but in use separated 
from the bearing surface by a clearance space, 



an intermediate wall spaced from the inner 
wall to form a plenum chamber, resilient spac- 
ing means acting between the intermediate 
wall and an outer wall, means for the supply of 
fluid under pressure to the plenum chamber, 
and distributed ports in the inner wall through 
which fluid under pressure can flow from the 
plenum chamber into the clearance space to 
form a lubricating fluid film between the rigid 
bearing surface of the body and the inner 
flexible wall. 

According to another aspect of the inven- 
tion, a bearing device arranged to support a 
rotatable shaft against lateral displacement 
comprises at least three bearings arranged to 
support the shaft against forces respectively in 
different given lateral directions radially of the 
shaft, the lateral directions being so distributed 
about the shaft that support in all three direc- 
tions will positively locate the shaft against lat- 
eral displacement, each bearing comprising an 
inner flexible wall disposed close to a bearing 
surface on the shaft but in use separated from 
the bearing surface by a clearance space, an 
intermediate wall spaced from the inner wall 
to form a plenum chamber, resilient spacing 
means acting between the intermediate wall 
and an outer wall, means for the supply of 
fluid under pressure to the plenum chamber, 
and distributed ports in the inner wall through 
which fluid under pressure can flow from the 
plenum chamber into the clearance space^ to 
form a lubricating fluid film between the rigid 
bearing surface of the shaft and the inner flexi- 
ble wall. 

The invention will now be described, by way 
of example, with reference to the accompany- 
ing drawings, in which: — 

Figure 1 is a side elevation of bearing means 
for vertically supporting a rotatable horizontal 
shaft: — 

Figure 2 is an end view of the bearing 
means and shaft shown in Figure 1, as viewed 
from the left-hand end of that Figure; 

Figure 3 is a sectional end elevation taken 
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on the line III— III of Figure 1 and as viewed 
in the direction indicated by the arrows; 

Figure 4 is a fragmentary perspective draw- 
ing of a part of a bearing strip shown in 
5 Figures 2 and 3; , 

Figure 5 is a side elevation of a journal 
bearing device for a horizontal shaft; and 

Figure 6 is an end elevation of the bearing 
device shown in Figure 5, as viewed from the 
10 left-hand end of that drawing. 

Referring first to Figures 1 to 4, the shaft 

I is supported against vertically downwards 
displacement by two bearings 3 arranged to 
engage the shaft respectively near its two aids. 

15 Each bearing 3 includes an outer wall 5 which 
Sends in the form of a TJ and is supported 
alon- its upper two edges by damping to a 
horiz'onml beam 7. The outer waU 5 supports 
an inner flexible wall 9 which inmaUy also is 

20 in the form of a U with a uniform wall spac- 
L about the periphery of the bearing, from 
Se'oSer wall 5. When the shaft 1 s m place, 
as shown in Figure 3 this mner wall 9 is dis- 
torted. The upper edges of the inner wall are 

25 seSdtomeouterwaUSbyspacerm^ 

II A plenum chamber 13 is provided on the 
overside of the inner wall. As shown « » FJure 
4, the wall 14 of the plenum chamber is 
formed from a strip of rubber material which 

30 has a cloth backing on its outer side and on 
the inner side is formed with numerous pim- 
ples 15 which are integral with the wall By 
way of example, an experimental bearing was 
made using a sheet of the material used for 

35 the rubber facing of a table-tennis ; bat, a strip 
of the desired width being cut off m such a 
manner that the bias of the doth backing ex- 
tends across the width of the strip. Along two 
marginal parts 17 of the strip material, the 

40 pimples 15 were ground off to P^ide a sur- 
face suitable for fixing by a suitable adhes^e 
to the inner wall. The inner wall 19 is in die 
form of a brass foil 0.002 to 0.005 inch thick 
If™ *eel foil is used, a thinner foil would 

45 be used for the same duty. The thickness of 
0.003 inch for a brass foil, used to provide 
a bearing for a shaft of 2 inches diameter, 
was found to give satisfactory result* Liner 
wall foil 9 is first secured to *\ m 5 e ™ ed f 

50 plenum-chamber wall 14 which is bent as 
shown in Figure 4 to provide the plenum 
' chamber 13, and then numerous small holes 
1? are drilled through the metal fod inner wall 

55 9 ' The outer wall 5 is in the form of a brass 
foil having a thickness of C 1.005 mch, and the 
space between the outer side of the plenum 
chamber wall 14 and the outer wall 5 is 
filled with an dastic member 21 m the form 

60 of a striD of half-inch thick plastics foam ot 
the 'open cell" type. 

In use of the bearings described above, the 
air supplied to the plenum chamber 13 through 
the pipe 23 flows out through the holes 19 

65 into the space between the inner wall 9 and 



the shaft 1. This air forms a lubricating film 
which even at shaft speeds approaching zero 
gives substanticiiy zero frictional resistance to 
naming of the shaft. As the shaft speed m- 
creases, the pressure in the space between the 70 
inner wall 9 and the shaft 1 tends to build 
up in known manner to provide a lubricating 
film of air, but it is at low shaft speeds that 
the air supplied from the plenum chamber pro- 
vides the advantage of effective lubrication. It 75 
will be seen that at all times the flexible inner 
wall with its plenum chamber is radially sup- 
ported by the elastic member 21. As a result, 
dinner pressurised foil wall 9 does not take 
the tensihTstreases due to the load but exists 80 
under radial pressure from the elastic member, 
the load capadty required is reduced gr^aUy 
near the line of divergent dearance and the 
foil is in constant curvature over its area or ^ 
contact with the shaft. 

The bearing shown provides firstly seir- 
alignment with the shaft and secondly the pos- 
sibility of self-adjustment of the bearing to the 
size of the shaft. Further, since it operates with 
an almost constant dearance space, it operates W 
with substantially zero eccentricity. 

The bearings described above are adapted 
to carry a load which always has a given radial 
orientation, namdy vertically downwards. In 
many cases a shaft must be supported against 
radial movement in any direction, and m such 
a case the bearing device illustrated in Figures 
5 and 6 can be used. In that device three bear- 
ings 31, 33 and 35 are used adapted to support 
the shaft 37 against loads in the directions 41, 100 
43 and 45 respectivdy. These three bearings 
have their outer walls secured to and supported 
by a ring-like member 49 encircling the shaft, 
and the three bearings ^SV^^T^ 105 
three different axial lengths 51, 53 and 55 of 105 

the shaft. 

WHAT WE CLAIM IS : — 
1 A bearing arranged to support a body 
against a force in a direction substantially _nor- 
mal to a rigid bearing surface of the body, no 
Comprising In inner flexible wall disposed 
dose to the bearing surface but in use sepa- 
rated from the bearing surface by a clearance 
space, an intermediate wall spaced from the 
inner wall to form a plenum chamber, resilient 115 
spacing means acting between the intermediate 
wall and an outer wall, means for the supply 
of fluid under pressure to the plenum chamber, 
and distributed ports in the wall through which 
fluid under pressure can flow from the plenum 120 
chamber into the clearance space to form a 
lubricating fluid film between the rigid bearing 
surface of the body and the inner flexible wall. 

2. A bearing device arranged to support a 
rotatable shaft against lateral displacement, ^ 
comprising at" least three bearings 
arranged "to support the shaft against 
forced respectively in duTerent given 
lateral directions radially of the shaft 
inner wall to form a plenum chamber, resuhent 130 
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the shaft that support in all these directions 
will positively locate the shaft against lateral 
displacement, each bearing comprising an in- 
ner flexible wall disposed close to a bearing 
5 surface on the shaft but in use separated 
from the bearing surface by a clearance space, 
an intermediate wall spaced from the inner 
wall to form a plenum chamber, resilient spac- 
ing means acting between the intermediate 
10 wall and an outer wall, means for the supply 
of fluid under pressure to the plenum chalmber, 
and distributed ports in the inner wall tl rough 
which fluid under pressure can flow fropa the 
plenum chamber into the clearance space to 
15 form a lubricating fluid film between the rigid 
bearing surface of the shaft and the inner 
flexible wall. 

3. A bearing as claimed in claim 1, or a 
bearing device as claimed in claim 2, wherein 

20 the intermediate wall of the, or each, bearing 
is spaced from the inner wall by resilient 
spacers carried by the intermediate wall and 
not connected positively to the inner wall at 
least over most of the area thereof which over- 

25 lies the clearance space. 

4. A bearing or bearing device as claimed 
in claim 3, wherein the resilient spacers are 
formed integrally with the intermediate wall. 

5. A bearing as claimed in claim 1, or claim 



3 when appendant to claim 1, or claim 4 when 30 
appendant indirectly to claim 1, or a bearing 
device as claimed in claim 2, or claim 3 when 
appendant to claim 2, or claim 4 when appen- 
dant indirectly to claim 2, wherein the in- 
termediate wall is radially supported on its 35 
outer side by an elastic member. 

6. A bearing or bearing device as claimed 
in claim 5, wherein the elastic member is ar- 
ranged to support the intermediate wall over 
substantially the whole of that portion of its 40 
area which overlies the clearance space. 

7. A bearing or bearing device as claimed 
in claim 5 or 6, wherein the elastic member 
is in the form of open-celled foamed plastics 
material. m 45 

8. A bearing substantially as shown in, and 
adapted to operate substantially as herein- 
before described with reference to, figures 1 
to 4 of the accompanying drawings. 

9. A bearing device substantially as shown 50 
in, and adapted to operate substantially as 
hereinbefore described with reference to, 
figures 5 and 6 of the accompanying 
drawings. 

J. N. ARMSTRONG, 
Chartered Patent Agent, 
Agent for the Applicants. 
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FIG.5. 



FIG. 6. 



